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SPECTRUM ANALYSIS 
BACKGROUND 

Television media and other forms of communication media provide signals 
that include discrete frequency spectrums at which programming channels may 
5 exist. It is sometimes necessary to search a communication signal to identify 

whether valid channels are included at one or more of those frequencies and further 
to determine the type of channel present when a valid channel is identified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, wherein like reference numerals are employed 
10 to designate like components, are included to provide a further understanding of 
spectrum analysis, are incorporated in and constitute a part of this specification, and 
illustrate embodiments of spectrum analysis that together with the description serve 
to explain the principles of spectrum analysis. 

In the drawings: 

15 Figure 1 illustrates an embodiment of a method of analyzing a spectrum; 

Figure 2 illustrates an embodiment of a spectrum analyzer; 

Figure 3 illustrates an embodiment of a demodulator suitable for performing 
spectrum analysis; 

Figure 4 illustrates an embodiment of a viewing device suitable for analyzing a 
20 spectrum; and 

Figure 5 is a block diagram of an embodiment of a cable modem network in 
which a spectrum may be analyzed. 

DETAILED DESCRIPTION 

Systems, apparatuses, and methods for analyzing a spectrum, including cable 
25 modems carrying one or more analog and/or digital programming channels in 
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frequency spectrums are provided herein. Those programming channels may 
include television programming, audio, video, graphics, text or other information at 
various frequencies spectrums. That information may include any data capable of 
being represented as a signal, such as an electrical signal, an optical signal, an 
5 acoustical signal, or another form of signal. 

Any reference in the specification to "one embodiment," "a certain 
embodiment," or a similar reference to an embodiment is intended to indicate that a 
particular feature, structure or characteristic described in connection with the 
embodiment is included in at least one embodiment of a spectrum analysis system, 
10 apparatus, or method. The appearances of such terms in various places in the 
specification are not necessarily all referring to the same embodiment. References 
to "or" are furthermore intended as inclusive so "or" may indicate one or another of 
the ored terms or more than one ored term. 

Figure 1 illustrates an embodiment of a method of analyzing a spectrum 100. 

15 That method may validate a communication channel and determining a type of signal 
present on a valid channel. The method of analyzing a spectrum 100 may find a 
valid communication channel and may also determine the type of information carried 
by the valid communication channel. At 102, a frequency spectrum that may include 
a channel is selected. That frequency spectrum may be selected from a range of 

20 frequencies incident on a signal that includes many frequency spectrums, each 
frequency spectrum corresponding to a channel. In certain communications media, 
protocols such as Data Over Cable Service Interface Specifications (Docsis) or 
Annex B specify a pre-designated frequency plan that indicates frequency spectrums 
that may be assigned to valid channels. A pre-designated frequency spectrum that 

25 may contain a channel may therefore be selected for consideration from the pre- 
designated frequency plan of such a communication medium. 

In other communications media, protocols such as Annex A that have no pre- 
designated frequency plan may be used. Where no pre-designated frequency plan 
exists, one or more frequency spectrums may be considered in any desired way. 
30 For example, when it is desired to validate channels throughout a range of 

frequencies that may potentially contain a plurality of valid channels, a first frequency 
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spectrum containing a channel may be identified and then additional frequency 
spectrums of a size that correspond to a channel may be considered in uniform 
steps from that first frequency spectrum containing a channel throughout the 
frequency range. 

5 At 1 04, energy incident at one or more frequency points within the frequency 

spectrum may be measured. It has been found through experimentation that 
measuring the energy incident at three frequency points near the center of the 
spectrum and one frequency point near each edge of the spectrum may provide 
adequate data with which to determine whether a valid channel exists in that 

10 frequency spectrum and what type of signal is carried on that channel. Other 

numbers of frequency points and distributions of frequency points may, however, be 
desirable depending on the type of signal being analyzed and the equipment utilized 
to perform the analysis. Moreover, additional frequencies may be sampled after 
analysis of the initial samples where validity or type of signal was not able to be 

15 determined with certainty utilizing only the original sampling. 

At 106, the energy measured in one or more of the frequency points may be 
compared to one or more valid channel thresholds. For example, where it is 
expected that the highest energy in the spectrum will be incident near the center of 
the frequency spectrum, the energy measured at the frequency points near the 
20 center of the frequency spectrum may be compared to the valid channel threshold. If 
the measured energy at any of the frequency points exceeds the valid channel 
threshold, then it may be determined that a valid channel exists in that frequency 
spectrum. 

At 108, measured energy at two or more frequencies in the frequency 
25 spectrum of a channel may be compared to each other to determine whether a valid 
channel is carrying an analog signal or a digital signal. Such a process may be 
referred to as coarsely estimating a shape of the signal by measurement of a few, 
and typically much fewer than all frequencies in the frequency spectrum. Digital 
information generally has a flat profile with signal peaks being similar and not 
30 disparate in amplitude throughout much of the frequency spectrum, while analog 
information generally has signal peaks that vary or are disparate throughout the 
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frequency spectrum. Thus, where measured energy levels of frequencies near the 
center of the frequency spectrum are similar, the signal may be assumed to be 
digital and where measured energy levels of frequencies near the center of the 
frequency spectrum are varied, the signal may be assumed to be analog. 

5 The quality of the signal may also be estimated using measurements of a few 

of many frequencies in a frequency spectrum. For example, energy measured in a 
frequency spectrum carrying a valid channel, particularly higher measured 
frequencies in that frequency spectrum, may be compared to the energy measured 
at a frequency where no valid channel exists. If the difference between the energy at 

10 those valid and invalid frequencies is minimal, then the quality of the channel may be 
low, while the quality of the channel may be high if that difference is great. 

At 1 10, the type of channel carried on a frequency spectrum having a valid 
channel may be determined. For example, in a channel carrying one of the several 
types of Quadrature Amplitude Modulation (QAM) type signals, energy 
15 measurements from various portions of the frequency spectrum may be compared to 
determine the QAM type used for a channel. 

Embodiments of spectrum analysis may be applied to various nodes 
communicating by way of various communications mediums such as, for example, 
modems, voice-band, or broadband communication mediums. Communications may 
20 furthermore be either uni-directional wherein communications are directed from one 
or more nodes to one or more other nodes, or bi-directional where communications 
occur both to and from nodes. Examples provided herein describe embodiments 
wherein televisions or computers receive communications by way of cable modem 
as an example, but are intended to be exemplary and not limiting. 

25 In communications, the term "baud" is used to represent unique line 

conditions. Each unique line condition is referred to as a symbol. In certain 
systems, one bit is sent in conjunction with each symbol, while in other systems 
multiple bits are sent in conjunction with each symbol. For example, QAM may 
utilize both phase shifts and amplitude to permit the transmission of a number of bits 

30 per symbol. A plurality of samples may then be transmitted and received to create or 
read a signal that represents each symbol. Embodiments of the present invention 
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may be applied to either single or multiple bit transmissions per symbol. Bit 
transmission is typically expressed in bits per second or bps. 

Analog mediums generally carry digital information using one or more of three 
analog modulation techniques. Those three analog modulation techniques are 
5 amplitude modulation, frequency modulation, and phase modulation. Amplitude is 
the signal strength, or signal power, and is the relative "height" of the wave. 
Frequency is the rate at which an electromagnetic waveform alternates as is usually 
measured in Hertz (cycles per second) and equals the number of complete cycles 
occurring in one second. Phase is the relationship between a signal and its 
10 horizontal axis, also called the zero access point. 

Variations of channel type such as, for example, QAM may combine 
amplitude modulated information into a single frequency or frequency spectrum and 
may also combine amplitude modulated information with pulse amplitude modulated 
information forming a signal that may simultaneously carry multiple pieces of 
15 information. 

QAM types may vary in numerous aspects including the bandwidth used by a 
channel utilizing that QAM type. Therefore, energy may be measured, for example, 
at a point corresponding to or nearly corresponding to an edge of the frequency 
spectrum until one edge of the actual bandwidth utilized by the channel is found. 

20 The edge may be found by comparing energy measurements to an edge threshold, 
with the edge being at a frequency where the measured energy exceeds the edge 
threshold and where a neighboring frequency has a measured energy less than the 
edge threshold. Where a frequency corresponding or nearly corresponding to the 
center of the bandwidth utilized by the channel has already been found, the total 

25 bandwidth utilized by the channel may be equal to twice the frequency range from 
the one edge to the center of the actually utilized bandwidth. Alternately, 
measurements of energies present at or near frequencies at each end of the 
frequency spectrum may be taken until each end of the utilized bandwidth is 
discovered and the bandwidth may be determined to be the difference between 

30 those two ends. The channel type may then be discerned by comparison of the 
actual bandwidth utilized by the channel with the bandwidths known to be utilized by 
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the various channel types, with the channel being of the QAM type or other type that 
has a bandwidth closest to the measured bandwidth. 

To step through a frequency range potentially containing numerous channels 
when analyzing a signal utilizing a protocol that has no pre-designated frequency 
5 plan, a determination may be made as to an approximate minimum bandwidth in 
which a channel may exist. The energy existing at two or more frequency points 
within a first such minimum bandwidth may then be measured. The energies 
measured may then be compared to a threshold that, when exceeded, indicates a 
channel exists in that frequency spectrum. If a channel is found to exist, the 

10 energies may be compared one to another to find the frequency point having the 
highest energy of the frequency points measured. Additional frequencies around the 
highest measured energy frequency point may then be measured if desired to find 
other frequency points having higher energy measurements. The frequency having 
the highest measured energy in the minimum bandwidth may then be selected as 

15 corresponding to the center of the frequency spectrum or another significant point 
within the frequency spectrum. 

Once the center or other significant point corresponding to a valid channel is 
found, the entire signal bandwidth or a portion thereof may be further explored at 
steps that are multiples of the minimum bandwidth from the center of the found 

20 channel. Additional valid channels may be centered at such steps. Thus, for 

example if the bandwidth occupied by a channel is approximately 6 MHz, the center 
of an adjacent channel may be located at the highest energy frequency discovered 
plus or minus 8 MHz. Additional channels may further be discovered at various 
negative and positive multiples of the bandwidth occupied by a channel from the 

25 highest frequency discovered in the first bandwidth searched. Thus, valid channels 
may be searched at each of those channel bandwidth steps from a discovered valid 
bandwidth. 

The method of analyzing a spectrum 100 may be repeated for each frequency 
spectrum present in the signal or for each frequency spectrum of interest until all 
30 desired channels are determined to be valid or invalid and the type of signal present 
at each valid channel is known. 
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Other methods of analyzing a frequency in which a channel may lie may scan 
the entire frequency spectrum to measure the energy therein to identify a valid 
channel. Those methods may further repeat such scanning for each possible mode 
in which a channel may be transmitted until a valid channel is discovered or until it is 
5 determined that no valid channel exists in that frequency spectrum. Those methods 
may thus result in rejection of an invalid channel utilizing a particular processor and 
peripheral equipment in approximately two seconds, while the spectrum analyzer 
and method of analyzing a spectrum provided herein may be capable of rejecting an 
invalid channel in approximately three milliseconds utilizing the same processor and 
10 peripheral equipment. The time required to find a valid channel is also generally 
reduced using the spectrum analyzer and method of analyzing a spectrum provided 
herein. Moreover, the present spectrum analyzer and method of analyzing a 
spectrum may provide such response time while utilizing a DFT, which is generally 
less expensive than a FFT that is used in most of the other methods. 

15 Figure 2 illustrates an embodiment of a spectrum analyzer 120. The 

spectrum analyzer 120 measures the energy at a frequency in a frequency spectrum 
incident on an input signal 122 and may compare that energy in various ways to 
provide data related to the information carried on the input signal 122. The input 
signal 122 may have a range of frequencies and carry desired information at one or 

20 more channels at frequency spectrums within the frequency range. The spectrum 
analyzer 120 includes a windowing module 124 that receives the input signal 122 in 
samples. The windowing module 124 transmits groups of samples received to a 
Fourier transform module 126 where the energy of the input signal 122 may be 
determined at one or more frequencies. The result produced by the Fourier 

25 transform module 126 may be a complex number and the absolute value of that 
complex number may be found at an absolute value module 128. The absolute 
value module 128 may thus provide a total energy signal corresponding to the total 
energy present in the input signal 122 at the desired frequency. Such an energy 
measurement may be utilized in the method of analyzing a spectrum 100 to 

30 determine whether desired information exists at or around the frequency analyzed in 
the input signal 122. Comparisons made between energy measured at two or more 
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frequencies or between energy measured at a particular frequency and a threshold 
may be performed at a comparator 1 30. 

Using the spectrum analyzer 120, frequencies may be quickly considered one 
at a time, with the result indicating whether a channel exists at or around the 
5 considered frequency or in a frequency spectrum in which the few considered 

frequencies are incident. A determination of the type of channel present may also be 
made using the spectrum analyzer 120. The determination of whether a valid 
channel exists may be confirmed by a comparison to a valid channel threshold as 
described at 106 in connection with Figure 1 and a determination of the type of 
10 channel carried on a frequency spectrum having a valid channel may be determined 
as described at 108 and 1 10 in connection with Figure 1. 

The input signal 122 may be generated by a transmitting node and received 
by a receiving node in samples. Those samples are typically discrete portions of the 
signal that, in combination, form, for example, one or more amplitudes occurring at 

15 one or more frequencies or one or more phase shifts representing one or more data 
streams of information. That information may include, for example, a television 
transmission, video and/or audio data, graphic data, or character strings. The 
samples are typically generated at the transmitting node by a sample generating 
device and translated into digital information by a translating device when received at 

20 the receiving node. Thus, signals may be communicated by way of samples 
transmitted from the transmitting node and received at the receiving node. 

Those samples may then be grouped in windows at the windowing module 
124 so that one or more frequencies or small frequency ranges carried on the signal 
that may not be identifiable in individual samples may be identified as a plurality or 
25 group of samples in a window. 

As is known to those skilled in the area of frequency sampling, and as stated 
by the Nyquist Theorem, an important consideration for sampling is that the sampling 
rate or the rate at which samples are taken from the input signal 122 and provided to 
the windowing module 124 must be at least twice the highest analog frequency 
30 component of a portion of a signal being sampled that is desired to be measured. 
The Nyquist Theorem thus suggests that for a digital representation of an analog 
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signal, such as a signal carrying audio and video, to accurately represent the analog 
signal, the rate at which samples should be provided to the windowing module 124 
must be at least twice the highest analog frequency component of interest in the 
input signal 122. 

5 The number of samples to be taken into consideration in a window may be set 

to a minimum of twice the highest analog frequency component of interest in the 
signal and may include many more samples to provide a more complete 
representation of the signal. A number of samples to be taken may, for example, be 
calculated by dividing a chosen sampling rate, which may be measured in samples 
10 per second, by the lowest frequency of interest, generally measured in Hertz (Hz). 
Thus, for example, if the sampling rate chosen is 2400 samples per second and the 
lowest frequency of interest is 100 Hz, then the number of samples that could be 
taken at one time for Fourier analysis might be 2400 / 100, or 24 samples. 

Additional samples may be included to improve accuracy of the power 
15 spectrum measured. Windows having a larger number of samples generally provide 
more robust detection of information carried on the signal than smaller sample sizes, 
but also require more processing power than windows having smaller sample sizes. 
A maximum number of samples may, accordingly, be limited by an amount of 
memory or processor time available for processing those samples. A number of 
20 samples may, therefore, be selected practically to provide enough accuracy to 
identify a standard from amongst multiple standards on which the signal is being 
carried. 

A polynomial type window may be created by the windowing module 124 to 
reduce the effect of noise present in the signal. That polynomial window may be 
25 created using a variety of known techniques including the use of a Bartlett, 
Blackman, Hamming, Hann, or Kaiser windowing techniques. 

The windowing module 124 may be performed by software executed in a 
processor or may be performed by hardware designed to perform windowing 
functionality. For example, windowing may be performed by an Application Specific 
30 Integrated Circuit (ASIC). Moreover, the windowing module 124 may include a 
window input 132 to receive samples of a communication signal and a windowing 
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output 134, incident on which the windowing module 124 may place a window signal 
representative of the plurality of samples windowed. 

A Fourier transform may then be performed at the Fourier transform module 
126 and used to process the groups of samples included in each of one or more 
5 windows as is known in the signal processing technologies. For example, the 
Fourier transform then may convert the sampled signal to a function of frequency. 
That frequency may, in turn, reveal the energy being carried on the signal. 

The Fourier transform module 126 may utilize a Discrete Fourier Transform, 
or DFT, or a Fast Fourier Transform, or FFT. The Fourier transform module 126 

10 may, furthermore, be implemented in software or hardware and may be performed 
by a variety of devices including, for example a general purpose processor 
appropriately programmed to perform a Fourier transform through software, a digital 
signal processor, or an ASIC. A DFT generally requires less processing power to 
measure the energy of a particular frequency or a few frequencies than an FFT, 

15 whereas an FFT generally requires less processing power than a DFT when 

measuring the energy of a wide range of frequencies. Thus, a DFT may be used in 
the present spectrum analyzer 120 because the spectrum analyzer 120 measures 
one or more frequencies within a frequency spectrum of the input signal 122 to find 
one or more valid channels and identify invalid channels and generally does not 

20 consider the entire range of frequencies included in the input signal 122. Thus, for 
example, it has been found that when measuring the energy of the input signal 122 
in fewer than thirty frequencies, use of a DFT in the spectrum analyzer 120 results in 
use of less processing power than use of an FFT. 

The Fourier transform module 126 may include a Fourier transform input 136 
25 that may be coupled to the window output 1 34 and a Fourier transform output 1 38, 
incident on which the Fourier transform module 126 may place a signal representing 
positive and negative energy present in the samples of the received window. 

The absolute value module 128 may also be performed by any desired device 
including a general purpose processor or an ASIC. The absolute value module 128 
30 may include an absolute value input 140 to couple to the Fourier transform output 
138 and an absolute value output 142. The absolute value module 128 may take the 
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absolute value of a value carried on the Fourier transform signal representing 
positive and negative energy present in the samples of the received window, 
resulting in a value representing total energy present in the samples of the received 
window and provide a signal representing that total energy at the absolute value 
5 output 142. 

The comparator 130 may be coupled to the absolute value output 142 at a 
comparator input 144 and thereby receive a signal representing the total energy at a 
frequency. The comparator 130 may perform various comparisons utilizing that total 
energy such as those described in connection with the method of analyzing a 
10 spectrum 100 and including a comparison between the total energy measured at a 
frequency and a threshold such as the valid channel threshold and comparisons 
between the total energy measured at two or more frequencies that may be utilized, 
for example, in determining the type of signal present in a frequency spectrum. 

Thus the spectrum analyzer 120 may be utilized in the method of analyzing a 
spectrum 100 to measure the total energy at one or more frequencies incident on an 
input signal 122. For example, the spectrum analyzer 120 may be used by a 
demodulator in a receiving node receiving information from a cable modem. The 
spectrum analyzer 120 may be used to identify a channel that is valid because it is 
carrying information, from among a range of frequencies that may or may not also 
carry information. That spectrum analyzer 120 may alternately be used in another 
device to identify a frequency carrying information from another medium if desired. 
Use of the spectrum analyzer 120 with a demodulator receiving information from a 
cable modem is provided herein as an exemplary use of the spectrum analyzer 120. 
The spectrum analyzer 120 may also be used to find the modulation type of the 
frequency channel once that channel has been found. 

Figure 3 illustrates an embodiment of a demodulator 140 that includes a 
spectrum analyzer 142 such as, for example, the spectrum analyzer 120 of Figure 2. 
The demodulator 140 receives an RF (radio frequency) signal at a tuner 144. The 
tuner 144 may convert the RF signal to an IF (intermediate frequency) signal and 
30 may furthermore sample, filter, and amplify that IF signal in certain applications and 
output samples of the received signal. Those samples are then transmitted to the 
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spectrum analyzer 142, a down converter 146, and an automatic gain controller 148. 
The spectrum analyzer 142 may operate as described in connection with the 
spectrum analyzer 1 20 illustrated in Figure 2 and may also receive a frequency 
signal and provide a power measurement at one or more frequencies as described in 
5 connection with Figure 2. The spectrum analyzer 142 may further operate on the 
measured energy by comparing that energy to one or more thresholds or additional 
measured energy at additional frequencies. 

The automatic gain controller 148 may operate to adjust the level of the 
received signal to a desired level and provide the adjusted signal to the tuner 144. 

10 The down converter 1 46 may perform frequency translation on the sampled signal 
and output a signal having a frequency that is lower than the received sample signal. 
The filter 150 may then remove undesired portions of the signal received from the 
down converter 146 and the re-sampling and clock recovery module 152 may adjust 
the filtered signal to compensate for frequency or phase differences between a 

15 transmitter transmitting the input signal and a receiver receiving the input signal. 
The equalizer 154 may then equalize the re-sampled signal and the forward error 
corrector 156 may correct errors existing in data received from the equalizer 156 and 
provide a data output to be read by a device such as the viewing device 200 of 
Figure 4. 

20 It should be recognized that the down converter 146, filter 150, re-sampling 

and clock recovery module 152, equalizer 154, and forward error corrector 156 may 
be used to provide a signal to a viewing device such as the viewing device 200 of 
Figure 4 but may not be necessary for operation of the spectrum analyzer 142. 
Moreover, the automatic gain controller 148 may also not be necessary for operation 

25 of the spectrum analyzer 1 42. 

Figure 4 illustrates an embodiment of a viewing device 200 having a channel 
validation capability. The viewing device 200 includes memory 202, a processor 
204, a storage device 206, a display 208, a speaker 210, and a communication 
adaptor 21 2. It should be recognized that any or all of the components 202 - 21 2 of 
30 the viewing device 200 may be implemented in a single machine. For example, the 
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memory 202 and processor 204 might be combined in a state machine or other 
hardware based logic machine. 

It should also be recognized that the viewing device 200 may have fewer 
components or more components than shown in Figure 4. For example, the storage 
5 device 206 may not be necessary for operation of the viewing device 200 and may 
not be included therein if not desired. 

The memory 202 may, for example, include random access memory (RAM), 
dynamic RAM, and/or read only memory (ROM) (e.g., programmable ROM, erasable 
programmable ROM, or electronically erasable programmable ROM) and may store 

10 computer program instructions and information. The memory 202 may furthermore 
be partitioned into sections including an operating system partition 216, wherein 
instructions may be stored, a data partition 218 in which data may be stored, and a 
spectrum analysis partition 220 in which instructions for identifying and/or typing a 
valid channel may be stored. The spectrum analysis partition 220 may also allow 

15 execution by the processor 204 of the instructions stored in the spectrum analysis 
partition 220. The data partition 218 may furthermore store data to be used during 
the execution of the program instructions such as, for example, the valid channel 
threshold and information about types of channels. 

The processor 204 may execute the program instructions and process the 
20 data stored in the memory 202. In one embodiment, the instructions are stored in 
memory 202 in a compressed and/or encrypted format. As used herein the phrase, 
"executed by a processor" is intended to encompass instructions stored in a 
compressed and/or encrypted format, as well as instructions that may be compiled or 
installed by an installer before being executed by the processor 204. 

25 The storage device 206 may, for example, be a magnetic disk (e.g., floppy 

disk and hard drive), optical disk (e.g., CD-ROM) or any other device or signal that 
can store digital information. The communication adaptor 212 may include a 
demodulator and may permit communication of information from a communication 
medium, such as a cable modem to the viewing device 200 at a communication 

30 adaptor port 222. It will be recognized that the viewing device 200 may alternately or 
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in addition be coupled directly to one or more other devices through one or more 
input/output adaptors (not shown). 

The viewing device 200 may be incorporated into a general purpose or 
specific purpose computer and may also be coupled to one or more input devices 
5 (not shown) such as, for example, a keyboard or mouse. It will be recognized, 
however, that the viewing device 200 does not necessarily need a keyboard or 
mouse to operate. 

The elements 202, 204, 206, 208, 210, and 212 of the viewing device 200 
may communicate by way of one or more communication busses 214. Those 
10 busses 214 may include, for example, a system bus, a peripheral component 
interface bus, and an industry standard architecture bus. 

The network in which spectrum analysis is implemented may be a network of 
nodes such as televisions, computers, or other, typically processor-based, devices 
interconnected by one or more forms of communication media. The communication 
15 media coupling those devices may include, for example, twisted pair, co-axial cable, 
optical fibers and wireless communication methods such as use of radio frequencies. 
Network nodes may furthermore be equipped with the appropriate hardware, 
software or firmware necessary to communicate information in accordance with one 
or more standards or protocols. 

20 Figure 5 illustrates an embodiment of a cable modem network 250 in which 

two televisions 252 and 254, and a computer based viewing device 256 are coupled 
to a cable 258 to receive signals transmitted across the cable 258 from a transmitter 
260. The transmitter 260 may include a Cable Modem Termination System, for 
example that transmits cable modem signals to a plurality of viewing devices such as 

25 the televisions 252 and 254 and computer based viewing device 256. The network 
may alternately or in addition include a Local Area Network (LAN), a Wide Area 
Network (WAN), the Internet, a Public Switched telephone Network (PSTN), or a 
radio frequency network having signals transmitted, for example, from a satellite. 

While the systems, apparatuses, and methods of spectrum analysis have 
30 been described in detail and with reference to specific embodiments thereof, it will be 
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apparent to one skilled in the art that various changes and modifications can be 
made therein without departing from the spirit and scope thereof. Thus, it is intended 
that the modifications and variations be covered provided they come within the 
scope of the appended claims and their equivalents. 
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